ABSTRACT
Introduction
Cell proliferation is the main factor for embryonic development and histogenesis. The lack of a minimum quantity of cells leads to impossibility of tissue and organ formation.
Mitosis is the most significant way of cell division and the most widespread. It supplies the necessary cell reserve for the developmental processes and for the maintenance of the structural equilibrium of the organism. Due to mitoses the total enlargement of the cell number is realized, repairmen of destroyed and dead cell, equal distribution of the nuclear material. Mitosis is the only way through which the blastomeres in the developing embryos are divided as well as the low differentiated cell of the embryonic rudiments and the cambial elements of the differentiated tissues. During the early embryonic development the mitotic activity can be concentrated in definite parts of the embryonic body. Thus, this activity is very well expressed in the animal and equatorial regions of dividing telolecithal and heterolecithal ova. Increased mitotic activity has been observed in the region of the dorsal blastopore lip and amphibians tail bud. The rules of cell proliferation during early embryonic development and especially during gastrulation and neurulation are of special interest for developmental biology.
Space and time relationship of the cell proliferation during gastrulation and neurulation are still not enough studied especially compared with the cleavage stage. It is of special interest whether the mitotic activity in the embryonic tissues in these periods is co-ordinated within the range of the total embryo or at least in some embryonic parts. An experimental data exist that show not very strong synchrony of the mitotic activity in different stages in Rana temporaria and Xenopus laevis (6) development. In their works parasynchronic rising of 3 H -thymidine labeled nuclei has been observed on the stages of gastrulation and neurulation. In this article data for the dynamics of mitotic indices in the different regions of Triturus vulgaris embryos from the early gastrula stage till building up of the neural tube have been presented. Systemic studies in this respect are rare. There are only sporadic data referring dynamics of the mitotic indices in the X. laevis embryonic tissues (1, 2, 5) . In X. laevis waves of DNA synthesis and mitoses moving on the presumptive neural ectoderm in accord with involution of the underneath situated chord-mesoderm material are described (11) . In our opinion investigations on this problem are necessary as well due to the fact that in the early stages of the development of Anura and Urodela differences in the morphology of their embryos exist. Presumably they use different ways for obtaining the same target (10). After reaching the needed stages the embryos were fixed in Buen's solution, dehydrated in ascending alcohols and embedded in paraffin. A series of cross-section slides thick 5 µm were prepared, they were stained with Ehrlich's haematoxylin and observed under the light microscope. On the histological cross-sections we have observed four regions -dorsal (D), dorsal-lateral (DL), lateral (L) and ventral (V).
Materials and methods
In each zone the mitotic activity of the studied stages has been determined separately as a percentage ratio between the numbers of cells in mitosis to the total number of recorded cells. Mitotic indices for ectoderm and mesoderm have been recorded independently. In topological and differential respect after the stage late gastrula (stage 12) the mesoderm material in the dorsal embryonic region corresponds to the presumptive chord and the dorsal, lateral and ventral, mesoderm material corresponds to somites, lateral and ventral mesoderm respectively. After the stage early neurula (13 stage), the dorsal ectoderm material coincides with the presumptive neural ectoderm and the ectoderm in the dorsallateral, lateral and ventral region coincides with the material of the neural folds, lateral and ventral ectoderm. Within the limits of each region on the sequential cross section slides we have observed not less than 250 cells. In this study 124 embryos were used and the results were processed by standard statistical methods. A statistically significant interval was determined for each dot and for some of the dots -the reliable statistical difference between them.
Results and Discussion
The mitotic indices dynamics during the Triturus early embryogenesis shows that in the gastrulation and neurulation there are considerable variation in the mitotic activity. That is refers to the different dorsal-ventral zones both of the ectoderm and the mesoderm embryonic material. As a whole the mitotic index during gastrulation is higher than that in neurulation.
On the stage early gastrula (10 th stage) the most significant decrease of the mitotic index has been observed in the ventral mesoderm (about 5%). The mitotic index decreases in the lateral mesoderm fragment, too, though with the smaller percentage (about 2%). At the end of the gastrulation (11-12 th stage) the mitotic activity in the dorsal mesoderm sharply decreases and lately definitely has stopped which corresponds with the onset of the presumptive chord differentiation. In parallel the mitotic index drops in the other mesoderm regions and especially in the somite mesoderm. The drop of mitotic indices in all mesoderm levels in this period is statistically significant. Later on (12-13 th stage) there is a synchronic decrease in the mitotic index in the different region of the presumptive ectoderm. According to the changes in the mitotic activity the development of the embryo in the studied period it can be divided arbitrary in to sub-periods. The first corresponds to the gastrulation. It ends with a simultaneous decrease of the mitotic activity in the different sectors of the presumptive mesoderm and ectoderm and is characterized with higher mitotic index (4-5%). The second period corresponds to the nevrulation with mitotic index 2% for the ectoderm and about 1.5% for the mesoderm. At the beginning of the second period (between 13 th and 18 th stage) a wave-like increase in the dorsal ectoderm mitotic indices is observed. The start of this increase coincides with the appearing of the neural plate and its maximum (16 th stage) -with the closure of neural tube. The amplitude of the wave decreases in dorsal-ventral direction and its development undoubtedly is connected with the neural ectoderm development. The same mitotic index wave-lake increase during this period is observed both in the lateral and ventral mesoderm, too but it is not present in the The question is how these phenomena can be explained. It is well-known that due to the gastrulation the there is a topologic change of the situation of embryonic layers. This leads to abilities for interactions between the different embryonic regions. It can be assumed that the changes of the mitotic indices are connected with the realization of a certain type of differentiation. The probability for this is low since in these changes are involved both differentiated tissues and non-differentiated ones.
In our opinion, the assumption that the mitotic activity changes are connected with the variation of the cells morphogenetic motility in the relevant embryonic regions is more logical. That is why the raising of mitotic activity corresponds to the periods of active formation movement of the cells and the opposite -drop of the mitotic activity corresponds to the end of such cell movements. For example, the decrease of the mitotic indices in all mesoderm regions in the end of the gastrulation and the beginning of neurulation coincides with the end of the presumptive mesoderm involution. Amphibian gastrulation is quite complicated. Moreover it is important to make a clear difference between the processes that have happened in the suprablastoporal region and those in the other embryo regions. Crucial for gastrulation are events in the suprablastoporal region in which a higher morphogenetic activity is characteristic. Since the involution is the most intensive in the presumptive mesoderm region it ends first exactly there. The mitotic activity in the dorsal mesoderm material does not ends at the end of the gastrulation but a little later (stage 13 th ).Presumably the reason is that after the involution this material participates actively in the building up of axial organs. It is well known that axial organs formation in vertebrates is connected with cell convergence from the area surrounding the blastopore to the dorsomedial line (3, 7, 8, 9, 12) . At this convergence the cells intercalate and this event provokes to sagital extension of the embryo. The active movements of lateromedial convergence -sagital extension are and element of embryo axilization in all vertebrates and are the most intensive in the end of the gastrulation. The intensity of morphogenetic movements in the separate sectors of the presumptive mesoderm varies -the early gastrula suprablastoporal zone shows the highest activity while the lateral mesoderm cells migrate towards the medium line significantly weaker. After the end of these movements the mitotic activity terminates and this event coincides with the beginning of presumptive chord differentiation. At the same time the mitotic activity in the rest of the regions continues. It is connected with the continuing movement in dorsal direction of the lateral mesoderm material and due to this activity the mitotic indices in these regions decline in time. In analogical manner the change of mitotic activity in the different regions of the ectoderm can be explained. In the stage late gastrula the cells of the presumptive mesoderm both with the cells of the ectoderm take part in the convergence-extension movements. At that these movements are especially intensive in the zone of dorsal epiectoderm and hipoectoderm. End of the cranial-caudal extension of the embryo (stage 13 th ) leads to the decrease of the mitotic activity in the ectoderm, too. The new increase of the mitotic activity in the dorsal and lateral ectoderm after the stage 13 th obviously is connected with the neururation movements of the embryonic material in these regions.
Estimation of the correlation coefficients of the simultaneously registered mitotic indices shows a strong positive correlation between mitotic indices in the different regions of one embryonic layer (+0.95) and weaker but also positive and significant correlation between the indices of the different layers of the same region (+0.85). Our opinion is that the high positive interregional correlation between the mitotic indices is a sign for a rapid interregional regulation of the mitotic activity while the intra-layer regulation of this activity is slower.
The results of this work are closer to the data for the time and space characteristics of the proliferation activity in Xenopus laevis (5) and allow drawing some conclusions with general meaning about amphibians. They show about existing of some rules in cell proliferation during early embryonic development both for Xenopus and Triturus. The main is the presence of simultaneous raisings and drops of the mitotic activity that coincide with the activation or ending of the morphogenetic cell movements. The control of the mitotic activity in the embryonic tissues during gastrulation and neurulation has very well expressed total characteristic and thus the signals for the change of mitotic activity affect the total embryo. The periods with the harshest change in the proliferation activity correspond with the crucial moments in the embryonic development. We can assume that during the development of the different embryonic layers and zones they still do not posses independent pace of proliferation and the still obey to the general signals for the whole embryo. 
